Abstract. The aim of the present study was to investigate the predictive value of procalcitonin (PCT) for infection in patients with type 2 diabetes mellitus (T2DM). A retrospective analysis of 178 patients with T2DM who were divided into non-infection, local infection and sepsis groups was conducted; in conjunction with 33 healthy control patients. Clinicopathological characteristics and inflammatory indicators were compared between the four groups. Patients in the non-infection group exhibited significantly higher PCT levels compared with healthy controls (P=0.002). In addition, PCT, C-reactive protein (CRP), white blood cell count and neutrophil percent were significantly different amongst patients with T2MD across different infection groups (all P<0.001) with the following rank order: Sepsis group > local infection group > non-infection group (all P<0.05). In addition, the following observations were made: i) PCT and CRP demonstrated larger areas under the curve (AUC) for predicting local infection (0.804 and 0.741, respectively); ii) PCT displayed lower sensitivity of only 21.8% at its classical cutoff value (0.500 ng/ml) whereas CRP exhibited higher sensitivity and specificity at 64.1 and 76.1%, respectively, at its classical cutoff value (10.0 mg/l); and iii) PCT exhibited the largest AUC (0.914) for predicting sepsis with high sensitivity and specificity (86.4 and 84.5%, respectively) at its cutoff value (0.990 ng/ml). Patients with T2DM without infection demonstrated higher baseline PCT levels. The present study clarified the value of PCT in predicting infection of T2DM patients. The application of PCT to predict local infection in patients with T2DM was identified to be inferior to CRP, but its ability to predict sepsis was concluded to be the best when compared with CRP, white blood cell count and neutrophil percent.
Introduction
Diabetes is a metabolic disease with a prevalence of ~9% worldwide according to the World Health Organization (1) . Currently, ~387 million people suffer from diabetes, with this number predicted to rise to ~597 million by 2035 (2) . Previous studies have reported that diabetic patients are more susceptible to infection than non-diabetic patients. For example, Shah et al (3) confirmed that diabetic patients exhibited an increased prevalence of infections compared to the nondiabetic population with the highest incidence of osteomyelitis, pyelonephritis, cystitis, pneumonia, cellulitis, sepsis and peritonitis. Muller et al (4) also demonstrated that diabetic patients were more predisposed to lower respiratory tract infections, urinary tract infections, bacterial skin infections and mucous membrane infections than non-diabetic patients. In addition, Korbel et al (5) revealed that infection was the cause for 10% of emergency room visits among diabetic patients, and the incidence of infection in diabetic patients was two-fold higher than that of their non-diabetic counterparts. Hine et al (6) reported that almost all kinds of infections were common in diabetic patients, and bacterial, fungal or yeast infections were more prevalent in people with poor blood glucose control.
Precise prediction of infection and its severity in diabetic patients serves an important role in improving infection control and prognosis. At present, the 'gold standard' for the diagnosis of infections, in particular of blood infections, is by bacterial culture (7) . However, the long testing period and poor sensi- (7) . However, the long testing period and poor sensi- (7) . However, the long testing period and poor sensitivity of bacterial culture used routinely in the clinic limits the standardized use of antibiotics. Therefore, it is necessary to identify useful predictive serum markers for infection in diabetic patients. C-reactive protein (CRP) has been regarded as an early indicator of infection or inflammation in addition to being a universal biomarker for numerous diseases and disorders such as myocardial infarction and neoplastic diseases (8) . White blood count (WBC) and neutrophil percent (N%) have also been traditionally used as markers for inflammation.
Procalcitonin (PCT) is the precursor of calcitonin and is secreted mainly by thyroidal parafollicular C-cells under normal conditions (9) . However, during infection, PCT is ectopically secreted into the peripheral bloodstream by neuroendocrine cells of the liver, peripheral blood monocytes, macrophages, spleen, lung, small intestine and kidneys (10) . Serum PCT levels increase rapidly as bacterial infection advances, but remain low during viral infections and non-specific inflammatory diseases such as ulcerative colitis (11) . Until recently, changes in serum PCT levels of patients afflicted with type 2 diabetes mellitus (T2DM) following the onset of infection have not been well studied. Therefore, in the present study, the value of PCT for predicting infection in patients with T2DM was explored by comparing with different indicators of inflammation in patients with T2DM afflicted with different degrees of infection.
Materials and methods
General patient information. This study retrospectively analyzed 178 patients with T2DM (78 males; 100 females) at the Endocrinology Department of The Third Affiliated Hospital of Soochow University (Changzhou, China) between November 2013 and February 2017. The study was approved by the ethics committee of Soochow University (2019-WD-003) and patients signed informed consent forms. The patients in this study were between 22 and 95 years old with the average age of 62±16 years, and a disease duration ranging between 1 day and 19 years since diagnosis. The inclusion criteria were patients with T2DM diagnosed according to the 1999 WHO diabetes diagnosis and classification criteria (12) . Patients with type 1 diabetes, gestational diabetes and other rarer types of diabetes (e.g. genetic defects of beta-cell function) were excluded. Infection definition was based on the standardized criteria proposed by the Center for Disease Control and Prevention i.e. it already existed prior to hospitalization and was assessed based on disease history, symptoms, body temperature, etiological tests and improvement following antibiotics treatment. Sepsis was defined in accordance to the Sepsis-3 definitions of the Third International Consensus Definitions for Sepsis and Septic Shock (13) . All patients were further classified into the non-infection (29 cases), local infection (125 cases) and sepsis groups (24 cases). In addition, 33 healthy individuals (19 males and 14 females) with an average age of 61±14 years old who did not suffer from liver and kidney dysfunction or chronic diseases were included in the control group. Pregnant women, lactating women, patients receiving antibiotics within one week prior to admission and patients afflicted with acute complications from diabetes such as shock, autoimmune diseases, surgery, trauma, shock, severe liver and kidney dysfunction (glomerular filtration rate <30 ml/min), pancreatitis, cancer and blood system diseases were all excluded.
Observation indexes. The sex, age, body mass index (BMI), disease histories (including disease diagnosis, past history and personal history), comorbidities, infection sites and vital signs at admission in addition to the highest body temperature of the patients were recorded after admission. Blood samples were extracted from the patients within 24 h of admission prior to antibiotics treatment and used to measure inflammatory markers including WBC (normal range: 4-10x10 9 /l), N% (normal range: 40-75%), PCT (normal range: 0.021-0.500 ng/ml) and CRP (normal range: 0-10.0 mg/l). Complete blood count was examined using a Sysmex XN9000 hematology analyzer (Sysmex Corporation). PCT was measured using a Roche Cobas 8000 modular analyzer (Roche Diagnostics). CRP was measured using a Beckman Coulter AU5800 chemistry analyzer (Beckman Coulter, Inc.). Blood culture was performed using the BD BACTEC FX blood culture system (BD Biosciences).
Statistical analysis. Data were analyzed using SPSS v15.0 (SPSS Inc.). The measurement of data with normal distribution and non-normal distribution were presented as the mean ± standard deviation, and median and percentiles P50 (P25; P75), respectively. The count data were expressed as numbers or %. Data exhibiting normal distribution were compared using independent-samples t-test or one-way analysis of variance followed by Student-Newman-Keuls post hoc test. Data demonstrating non-normal distribution were compared using Mann-Whitney U test and Kruskal-Wallis H test. Rates were compared using the χ 2 test. The receiver operating characteristic (ROC) curves and the area under the curve (AUC) were used to compare the diagnostic efficacy of different indices. The sensitivity and specificity were calculated, and the cutoff value was determined by the Youden index. P<0.05 was considered to indicate a statistically significant difference. Table I to illustrate the higher baseline inflammation index of patients with T2DM in the non-infection group compared with healthy controls. No significant differences were identified between the two groups in relation to average age, proportion of male, BMI, baseline CRP, WBC and N% (all P>0.05; Table I ; Fig. 1) ; however, patients with T2DM in the non-infection group exhibited significantly higher baseline PCT compared with the healthy controls (P=0.002).
Results
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Comparison of clinical characteristics and inflammatory indicators between patients with T2DM in non-infection, local infection and sepsis groups.
Comparisons of clinicopathological characteristics and inflammatory indicators among patients with T2DM in the non-infection, local infection and sepsis groups are presented in Table II and Fig. 1 . Age, male proportion, BMI and comorbidity proportion (hypertension, nephropathy and diabetic ketoacidosis (DKA) were not revealed to be significantly different across the three different groups (all P>0.05; Table II ). However, patients in the sepsis group demonstrated a significantly higher proportion of urinary tract infections compared with patients in the local infection group (50.0 vs. 16.0%, respectively; P<0.001; Table II) , whereas the proportions of other infections were not significantly different between the two groups (all P>0.05).
The blood levels of the four inflammatory markers tested (PCT, WBC, CRP and N%) all exhibited significant differences between patients from the three infection groups (all P<0.001; Table II ; Fig. 1 ), ranking from high to low: Sepsis group > local infection group > non-infection group (all P<0.001; Fig. 1 ).
ROC analysis of using different inflammatory indicators to predict patients with T2DM with local infection. ROC curves using PCT, CRP, WBC and N% to predict local infection in patients with T2DM were analyzed ( Fig. 2 ; Table III ). The AUCs corresponding to PCT and CRP, which may be used to predict local infection of patients with T2DM, were demonstrated to be relatively higher (0.804 and 0.741, respectively) compared with WBC and N%. By contrast, the sensitivities of PCT, WBC and N% were revealed to be very low, with values of 21.8, 32.3 and 41.8% at their classical cutoff points at 0.500, 10.0 and 75 ng/ml, respectively (Table III) . In comparison, the sensitivity of CRP was determined to be high, with a value of 64.1% at its classical cutoff point at 10.0 mg/l, whereas its specificity was 76.1%, compared with that of 100, 91.3 and 91.3% for PCT, WBC and N% respectively. Comparisons of inflammatory indicators between the healthy control group and patients with type 2 diabetes mellitus in non-infection, local infection and sepsis groups. Patient in non-infection group had a higher baseline PCT level. As the severity of infection increased, the four inflammatory markers gradually increased. PCT, procalcitonin; CRP, C-reactive protein; N%, neutrophil percent; WBC, white blood cells. Measurement of data with normal distribution and non-normal distribution were presented as the mean ± standard deviation, and median and percentiles P50 (P25; P75), respectively. BMI, body mass index; CRP, C-reactive protein; N%, neutrophil percent; PCT, procalcitonin; WBC, white blood cells.
ROC analysis of using different inflammatory indicators to predict sepsis in patients with T2DM
. The ROC curves of using inflammatory indicators PCT, CRP, WBC and N% to predict sepsis in patients with T2DM is presented in Fig. 3 , and a summary of the ROC analyses is presented in Table IV . Of the four inflammatory indicators tested that could predict sepsis in patients with T2DM, PCT exhibited the largest AUC (0.914), the highest sensitivity (86.4%) and the best specificity (84.5%) with its cutoff value at 0.990 ng/ml (Table IV) . Receiver operating characteristic curves using PCT, CRP, WBC and N% to predict local infection of patients with type 2 diabetes mellitus. AUCs of PCT and CRP were higher compared with WBC and N% therefore, PCT and CRP had better diagnostic efficacy for local infection compared with WBC and N%. PCT, procalcitonin; CRP, C-reactive protein; N%, neutrophil percent; WBC, white blood cells; AUC, area under the curve. Figure 3 . Receiver operating characteristic curves of using PCT, CRP, WBC and N% to predict sepsis of patients with type 2 diabetes mellitus. PCT exhibited the largest AUC compared with the other three indexes therefore, PCT had better diagnostic efficacy for sepsis compared with CRP, WBC and N%. PCT, procalcitonin; CRP, C-reactive protein; N%, neutrophil percent; WBC, white blood cells; AUC, area under the curve. 
Discussion
Results from the present study revealed that patients with T2DM in the non-infection group exhibited increased baseline PCT levels. Patients with T2DM are afflicted with chronic low-grade inflammation (14) , hyperglycemia (15) and microvascular injury (16) . These pathophysiological features of patients with T2DM could influence a variety of immune mechanisms and impair blood supply, thereby increasing the possibility of local infection. Patients with T2DM often have elevated blood glucose levels, significantly increased chance of blood coagulation and reduced neutrophil degranulation (17) . Elevated glucose concentrations in the tissue surface layer will increase susceptibility to bacterial colonization and can potentially upregulate the expression of intercellular adhesion molecules and increase neutrophil adhesion, thereby impairing neutrophil chemotaxis and their subsequent antibacterial activities (18) . Insulin resistance is a key feature of T2DM and can impact immune cell migration, oxidative explosion activity and phagocytosis (19) . In addition, following macrophage-mediated stimulation, tissue cells, including adipocytes, will secrete PCT (20) . PCT secre- (20) . PCT secre- (20) . PCT secretion is increased because adipose tissues harbor increased numbers of activated macrophages. Therefore, an increase in the baseline PCT levels of patients with T2DM may be associated with insulin resistance and various metabolic syndromes (20, 21) .
Patients with chronic kidney disease are at high risk of severe infection (22) (23) (24) (25) . However, an insufficient number of studies have investigated the relationship between infection in diabetic patients and comorbid nephropathy and hypertension. Data from the present study revealed no difference in this relationship. Indeed, infection is a major predisposing factor for DKA. Azoulay et al (26) reported that the incidence of sepsis in patients with T2DM with DKA was not correlated, consistent with the results from the present study.
A previous study has reported that rare infectious diseases, including emphysematous pyelonephritis, invasive otitis externa, emphysematous cholecystitis and rhinocerebral mucormycosis were more prevalent in diabetic patients (27) . In addition, diabetic patients appear to carry an increased likelihood of infection caused by certain strains of bacteria, including Staphylococcus aureus and Mycobacterium tuberculosis (27) . There has also been evidence demonstrating that certain pathogens such as Streptococcus pneumoniae are associated with a higher rate of bacteremia (28) . Data from the present study also suggested that local infection occurred mostly at the respiratory tract (48.8%), and the rate of urinary tract infection was significantly higher in patients with sepsis compared with patients with local infection (50.0 vs. 16.0%). This may be related to the high proportion of females in the sepsis group as they are more susceptible to urinary tract infections (29) .
A number of studies have suggested that PCT could be used as an indicator to exclude bacterial infections because it could reliably and accurately reduce inappropriate antibiotic exposure compared with the traditional tests, including CRP and WBC (30) (31) (32) (33) . The present study demonstrated that PCT and CRP may be used to predict local infection, but the former exhibited lower sensitivity than the latter. This may be because the sensitivity of PCT to predict local infection is reduced due to the increased baseline PCT levels in patients with T2DM, whereas T2DM exerted smaller effects on CRP. Alternatively, leukocytes have been reported to be a potential source of PCT during sepsis (34); and since local infection results in reduced specific leukocyte stimulation, PCT was only slightly increased.
PCT levels are almost undetectable in healthy subjects, but it could be detected within 2 h of common bacterial infech of common bacterial infech of common bacterial infection and it increases rapidly within 6 h before peaking at about 24 h (35). Therefore, measuring PCT levels in the blood enables the early diagnosis and warning of sepsis (36, 37) . Davies et al (38) proposed that PCT was the most effective biomarker in the diagnosis of sepsis and was superior to CRP. A number of studies have reported that unlike CRP levels, which did not increase significantly with the progression of disease, PCT levels increased significantly in patients with severe organ dysfunction, sepsis and septic shock (31, 39) , possibly due to CRP and PCT of diverse origins in the inflammatory process. CRP is an acute phase reactant protein synthesized by the liver, and is considered to be a superior diagnostic indicator of early inflammation (40) . During severe infection, CRP levels in patients with liver dysfunction did not increase further (34) , thus reducing its diagnostic efficacy. The present study demonstrated that PCT was superior to CRP and other inflammatory indicators for the prediction of sepsis, consistent with the studies aforementioned.
The present study contains a number of limitations. Firstly, owing to its retrospective design, the inclusion cases may contain a degree of selective bias. Secondly, bacterial and non-bacterial infections were not distinguished in this study due to the reduced proportion of microbiologically confirmed infection, which may also affect the evaluation of PCT as a diagnostic marker for infection.
In summary, the present findings identified that the baseline PCT levels increased significantly in patients with T2DM without infection. Furthermore, the value of PCT for the prediction of infection in T2DM patients was clarified. The application of PCT to predict local infection in patients with T2DM was inferior to CRP, but its ability to predict sepsis was concluded to be superior compared with CRP, WBC and N%.
